Arthrinium setostromum sp. nov., collected from dead branches of bamboo in Yunnan Province of China, is described and illustrated with the sexual and asexual connections. The sexual morph of the new taxon is characterized by raised, dark brown to black, setose, lenticular, 1-3loculate ascostromata, immersed in a clypeus, unitunicate, 8-spored, broadly clavate to cylindricclavate asci and hyaline apiospores, surrounded by an indistinct mucilaginous sheath. The asexual morph develops holoblastic, monoblastic conidiogenesis with globose to subglobose, dark brown, 0-1-septate conidia. Arthrinium setostromum can be distinguished from other phylogenetically closely related species by its setose ascostroma, with setae raising through a split of the clypeus. Maximum likelihood, maximum parsimony and bayesian inference analyses based on a catenated ITS, LSU, TEF1-α and TUB2 DNA sequence dataset demonstrate that A. setostromum is a distinct new species phylogenetically closely related to A. garethjonesii, and clusters with A. bambusae, A. mytilomorphum and A. subroseum.
Phylogenetic analyses
Through the BLASTn search tool in NCBI (https://blast.ncbi.nlm.nih.gov/Blast.cgi) based on newly generating ITS sequence data, we found out that our taxon related to Arthrinium (Apiosporaceae) and the closest taxon is A. garethjonesii D.Q. Dai & H.B. Jiang (HKAS 96289) with 96.55% similarity. Further sequence matrices of ITS, LSU, TEF1-α and TUB2 were used to resolve the accurate phylogenetic position of our taxon based on the related sequences of taxa in Arthrinium obtained from GenBank (Table 1) . Individual gene matrix was aligned with the online version of MAFFT v. 7.427 (Katoh et al. 2017) and improved manually in BioEdit v. 5.0.6 (Hall 2001) . Individual gene alignments were analyzed separately by Randomized Axelerated Maximum Likelihood (RAxML) implemented in RAxMLGUI v. 1.0 (Stamatakis 2006 , Silvestro & Michalak 2011 for prior comparing of tree topologies. Further, a concatenated ITS, LSU, TEF1-α and TUB2 alignment was analyzed based on maximum likelihood (ML), maximum parsimony (MP) and Bayesian inference (BI) criteria.
ML analysis was carried out by RAxML implemented in RAxMLGUI v. 1.0 (Stamatakis 2006 , Silvestro & Michalak 2011 . BI analysis was performed by MrBayes v. 3.2.1 (Ronquist et al. 2012) . Bayesian posterior probabilities (BYPP) (Rannala & Yang 1996 , Zhaxybayeva & Gogarten 2002 were evaluated based on Markov Chain Monte Carlo sampling (MCMC). Six simultaneous Markov chains were set up at 3,000,000 generations and trees were sampled every 100 th generation (yielded 30,000 total trees). The first 20% trees, which represented the burn-in phase of the analysis, were discarded and the remaining trees were used for calculating PP in the 50% majority rule consensus tree. MP analysis was operated in PAUP v. 4.0b10 (Swofford 2002 ) based on the heuristic search option with 1,000 random stepwise addition replicates and the tree bisectionreconnection (TBR) as the branch-swapping algorithm. All informative characters were unordered and of equal weight. MaxTrees reset to 1,000 and gaps were treated as missing data. All parsimonious trees were saved. The tree length (TL), consistency index (CI), retention index (RI), rescaled consistency index (RC) and homoplasy index (HI) were calculated. Statistical supports for branches of the most parsimonious tree were estimated using maximum parsimony bootstrap (BS) analysis with 1,000 bootstrap replicates (Felsenstein 1985) . 257 Phylogenetic trees were represented by FigTree v. 1.4.0 (Rambaut 2012) and edited in Microsoft Office PowerPoint 2016 (Microsoft Inc., United States). Newly generated sequences in this study were deposited in GenBank (Table 1 ) and the final matrices used for the phylogenetic analyses were submitted to TreeBASE (www.treebase.org; accession number: 25246). 
Results

Phylogenetic analyses
Phylogenetic analyses of the combined ITS, LSU, TEF1-α and TUB2 sequence dataset comprise 102 strains. The dataset consists of 3179 total characters including gaps (ITS: 1-750 bp, LSU: 751-1,593 bp, TEF1-α: 1,594-2,217 bp, TUB2: 2,218-3,179). The best scoring ML tree was chosen to represent the phylogenetic relationships of the new taxon with other representative taxa in Arthrinium (Fig. 1) , with the final ML optimization likelihood value of -26,209.134905 (ln). All free model parameters were estimated by GAMMA+P-Invar model, with 1,679 distinct alignment patterns and 35.50% of undetermined characters or gaps. Estimated base frequencies were as follows: A = 0.236636, C = 0.253087, G = 0.253192, T = 0.257085, with substitution rates AC = 1.324697, AG = 2.935595, AT = 1.165991, CG = 0.959152, CT = 4.739433, GT = 1.000000. The proportion of invariable sites I = 0.316534, the gamma distribution shape parameter alpha = 0.659233 and the Tree-Length = 4.284453. In the MP analysis, 1,689 characters were constant, 283 variable characters were parsimony-uninformative, and 1,207 were (included) parsimonyinformative characters. The most parsimonious tree is shown where TL = 4883, CI = 0.520, RI = 0.832, RC = 0.432, HI = 0.480. Bayesian posterior probabilities (BYPP) from MCMC were evaluated with a final average standard deviation of split frequencies of 0.009913.
The phylogenetic tree topology obtained from ML analysis resembled results as previous studies on Arthrinium (Crous & Groenewald 2013 , Dai et al. 2016 , 2017 , Jiang et al. 2018 , Wang et al. 2018 , Yan et al. 2019 , Pintos et al. 2019 , Yang et al. 2019 . Phylogenetic trees carried out by ML, MP and BI analyses were similar in overall topologies. Phylogenetic analysis of a combined ITS, LSU, TEF1-α and TUB2 sequence dataset showed that the new taxon clustered within the genus Arthrinium (Apiosporaceae, Xylariales) and has a close relationship with A. garethgonesii (HKAS 96289) with high statistic supported values (100% MLBP and 100% MPBP). Holotype: KUN-HKAS 106736 Saprobic on dead bamboo branches. Sexual morph: Ascostromata 250-600 μm long, 140-180 μm high, solitary to gregarious, scattered, immersed in a clypeus, visible as black, raised, lenticular or dome-shaped, becoming superficial on host surface, 1-3-loculate, ostiolate, with a slitlike axis. Ascomata 210-260 μm diam., 100-170 μm high, dark brown to black, perithecial, arranged in a row, clustered, immersed in ascostromata, obpyriform to ampulliform, individually central ostiolate, with pore-like opening, embedded in a clypeus, setose, with dark brown to black, septate, hair-like setae growing from perithecia, raising through a split of the clypeus. Peridium 20-25 μm thick, composed several layers of brown to dark brown pseudoparenchymatous cells, paler towards the inner layers, outer layers intermixed with host tissue, arranged in textura angularis to textura prismatica. Hamathecium composed of dense paraphyses, 3-5 μm broad, septate, unbranched, not anastomosing, embedded in gelatinous matrix. Asci 82.5-102.5 × 20-30 μm (x ̅ = 92.5 × 25 μm, n = 20), 8-spored, unitunicate, broadly cylindrical to clavate, sessile to subsessile, apically rounded, with J-subapical ring. Ascospores 27-33 × 9.5-12.5 μm (x ̅ = 30 × 11 μm, n = 20), 2-3-seriate, hyaline, broadly ellipsoidal to clavate, or obovoid, straight to slightly curved near the lower cell, 1-septate, small subglobose at the lower cell and broadly large ellipsoidal at the upper cell, smooth-walled, with multi-guttulate, surrounded by a mucilaginous sheath. Asexual morph: Sporulated on PDA after two months, spore masses visible as dark brown to black on white-grey colonies. Hyphae 1.8-2.5 μm diam., hyaline to pale brown, branched, septate. Conidiophores reduced to conidiogenous cells. Conidiogenous cells 42-66 × 1.5-2.7 μm (x ̅ = 54 × 2.1 μm, n = 20), micronematous, holoblastic, monoblastic, hyaline, cylindrical, flexible to curved, discrete, aseptate, smooth-walled. Conidia 18-20 × 15-19 μm (x ̅ = 19 × 17 μm, n = 20), acrogenous, brown to dark brown, subglobose to obovoid, 0-1-septate, smooth-walled, multiguttulate, with a truncate basal scar. Fig. 1 -Maximum likelihood phylogenetic tree generated by RAxML based on a concatenated ITS, LSU, TEF1-α and TUB2 sequence data. The tree is rooted to Seiridium phylicae (CPC 19962 and CPC 19965) . Maximum likelihood (ML), and maximum parsimony (MP) bootstrap values equal to or greater than 50% and bayesian posterior probabilities (BYPP) equal to or greater than 0.95 are written above the nodes as ML/MP/PP. Ex-type strains are in black bold and newly generated sequence is in blue bold. Culture characteristics -Ascospores germinating on PDA within 24 hrs and germ tubes produced from the upper cell of ascospore. Colonies fast growing on PDA, reaching 35 mm in 1 week at 20-25°C, under the normal light, cottony, circular, raised, initially white, becoming greyish, reverse reddish. Mycelium superficial to immersed in media, with branched, septate, smooth hyphae.
Material examined -China, Yunnan Province, Xishuangbanna, Mengla county, Nearby Huiying River, on dead branches of bamboo, 21 January 2019, H.B. Jiang, BN006 (KUN-HKAS 106736, holotype; MFLU 19-2443, isotype), ex-type living cultures, MFLUCC, KUMCC 19-0217.
Notes -Arthrinium setostromum can be distinguished from other phylogenetically related species of Arthrinium in having dark brown to black, hair-like setae growing from perithecia, raising through a clypeus. Morphological comparisons of our novel species with other phylogenetically related taxa are provided in table 2. Based on a pairwise nucleotide comparison of ITS (Jeewon & Hyde 2016) , A. setostromum differs from A. garethjonesii in 20/ 580 bp (3.45%) and also differs from A. mytilomorphum in 5/325 bp (1.53%). Pairwise nucleotide comparison of ITS and TEF1-α also showed that A. setostromum differs from A. bambusae in 24/ 549 bp (4.37%) and 10/ 313 bp (3.19%) and differs from A. subroseum in 21/ 548 bp (3.83%) and 15/ 400 bp (3.75%).
Discussion
The genus Arthrinium currently contains 92 epithets in Index Fungorum (2019) . However, only 85 described species are presently accepted in Arthrinium, while seven species were transferred to other genera or treated as synonyms of other Arthrinium species (Wang et al. 2017 , Index Fungorum 2019 , Yang et al. 2019 . The phylogenetic placement of 58 Arthrinium species has been confirmed based on molecular data (Wijayawardene et al. 2017 , Jiang et al. 2018 , Wang et al. 2018 , Zhao et al. 2018 , Pintos et al. 2019 , Yan et al. 2019 , Yang et al. 2019 .
It is difficult to distinguish most of Arthrinium species based on morphology. Both sexual and asexual morphs of Arthrinium species share similar morphological characteristics, except for some species, such as A. caricicola, A. cuspidatum (Cooke & Harkn.) Tranzschel and A. luzulae M.B. Ellis. Some Arthrinium species could not be distinguished based on the ITS region, such as A. Cai. Their ITS regions have high similarities (>99% similarity). However, these species can be distinguished by the protein-coding genes such as TEF1-α and TUB2 (Wang et al. 2018 , Yang et al. 2019 . Thus, it suggests that multigene phylogenetic analyses based on protein-coding genes coupled with sexual-asexual morphological characteristics are very important to clarify this complex genus Arthrinium.
Arthrinium is widely distributed over the world and lives on various hosts, however, most of them have been found on bamboo plants (Dai et al. 2016 , 2017 , Jiang et al. 2018 , Wang et al. 2018 , Farr & Rossman 2019 , Yang et al. 2019 ). To date, there are 31 recorded species of Arthrinium in China (Hyde et al. 1998 , Wang et al. 2018 , Zhao et al. 2018 , Farr & Rossman 2019 , Yang et al. 2019 . Most of the Arthrinium species are distributed in southeast China, south China and southwest China (Farr & Rossman 2019) . Arthrinium qinlingense and A. trachycarpum C.M. Tian & H. Yan are known from the highest latitude in Shaanxi Province of China (Jiang et al. 2018 , Farr & Rossman 2019 , Yan et al. 2019 ). According to Farr & Rossman (2019) , the specific hosts of Arthrinium species in China are Bambusa and Phyllostachys. 
